Available online at www.sciencedirect.com

SCIENCE(dDIRECT°

JOURNAL OF
MOLECULAR
CATALYSIS

A: CHEMICAL

HVINO3 10N

J

A T

ELSEVIE Journal of Molecular Catalysis A: Chemical 210 (2004) 59-68

www.elsevier.com/locate/molcata

Kinetic study of dichlorocyclopropanation of 4-vinyl-1-cyclohexene
by a novel multisite phase transfer catalyst

Maw-Ling Wang?*, Yu-Ming Hsieh?

a Department of Chemical Engineering, Tung Hai University, Taichung 407, Taiwan, ROC
b Department of Chemical Engineering, National Tsing Hua University, Hsinchu 300, Taiwan, ROC

Received 23 April 2003; accepted 11 September 2003

Abstract

In this work, the dichlorocyclopropanation of 4-vinyl-1-cyclohexene catalyzed by a new novel phase transfer catalyst was carried out in
an alkaline solution/chloroform two-phase medium. This new synthesized phase transfer catalyst, 1,4-bis(triethylmethylammonium)benzene
dichloride (DC-X), which possesses two-site activity, was obtained from the reactiamx6tichlorop-xylene and triethylamine. This
new novel phase transfer catalyst exhibits higher reactivity than those of the other quaternary ammonium salts. The reaction of chloro-
form and alkali was carried out at the interface to generate dichlorocarbene which can further react with 4-vinyl-1-cyclohexene to produce
mono-dichlorocyclopropane and bis-dichlorocyclopropane products. Rational mechanism of the dichlorocyclopropanation is proposed ac-
cording to the experimental evidence. The reaction follows a pseudo-first-order rate law. Kinetics of the reactions such as: effect of the catalysts,
agitation speed, temperature, alkaline concentration, amount of DC-X catalyst, amount of 4-vinyl-1-cyclohexene (reactant) and volume of
chloroform (organic solvent) on the reaction rate were investigated in detail. Peculiar phenomenon for the dependence of the reaction rate on
the amount of DC-X catalyst is explained satisfactorily.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction ployed to solve the problems of reactions involving two im-
miscible reactants. Such reaction is dramatically enhanced
The essential condition for a chemical reaction to take by adding a small amount of phase transfer catalyst, e.g.,
place is the collision of two or more reactant molecules. quaternary ammonium salt. It is now considered to be one
Therefore, it is difficult to obtain a high reaction rate from of the most efficient tools in organic synthesis from two or
the reaction of two immiscible reactants because of limited more immiscible solutionfl-3].
contact area. In the past, the conventional methods for solv- The primary purpose of this work is to employ the tech-
ing these problems include using a high agitation speed tonique of phase transfer catalysis to synthesize dichlorocar-
increase the contact surface area between two phases, udene and to react with olefin via dichlorocyclopropanation.
ing a high temperature to enhance the reaction rate, and usin the past, the synthesis of dichlorocarbene was a difficult
ing protic or aprotic solvents to increase the miscibility of task. In general, dihalocyclopropanes are valuable com-
the two phases. However, these improvements are limited.pounds which can be treated further with sodium to give
Furthermore, there are problems of high energy consump-alkene, reduced to cyclopropane derivatives and converted to
tion, production of byproducts and difficulty in purification other product$4,5]. Doering and Hoffmannf6] employed
together with environmental pollution. Therefore, the ap- the reaction of cyclohexene and dichlorocarbene, which was
plications of these techniques to industries are constrained.generated from the reaction of chloroform and potassium
Fortunately, the technique of phase transfer catalysis is em-t-butoxide to produce 7,7-dichlorobicyclo[4.1.0]heptane.
However, the application of this technique is still limited
* Corresponding author. Present address: Department of Environmentaldue to low conversion of reactant, even at extreme reac-
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transfer conditions successfully. The reaction is dramat- 2.2.2. Synthesis of products (mono-dichlorocyclopropane
ically enhanced by adding a small amount of benzyltri- and bis-dichloro-cyclopropane)
ethylammonium chloride (BTEAC), yielding about 70% Measured quantities of NaOH (8g) and DC-X (0.29)
of dichlorocyclopropane. Since then, the technique of were dissolved in 12 ml of water. The mixed solution was
phase transfer catalysis for the generation of dichloro- introduced to a 150 ml flask and uniformly agitated at
carbene has been extensively applied by many chemistsisothermal condition for 20 min. Olefins (0.02 mol) was
[8-14]. then added to the mixed solution. To start the reaction,
Much efforts have been devoted to developing new phasechloroform (20 ml) was gradually added dropwise to com-
transfer catalyst, such as multisite active cata[j&,16] plete the reaction in 30 min. Mono-dichlorocyclopropane
In the present work, a novel new phase transfer catalystand bis-dichlorocyclopropane were produced from the so-
(1,4-bis(triethylmethylammonium)benzene chloride, DC-X) lution. After reaction, the solution was separated and the
was synthesized from the reactioncgé’-dichlorop-xylene portion of organic solution was extracted by ether twice.
and triethylamine. This new synthesized multisite ac- Magnesium sulfate was also added to adsorb the residual
tive quaternary ammonium salt is then employed as the water. Organic solvent (chloroform) and other residues were
phase transfer catalyst to synthesize dichlorocyclopropanestripped in a vacuum evaporator. Chromatography method
in an alkaline solution/chloroform two-phase medium. was employed to separate mono-dichlorocyclopropane and
Dichlorocarbene is first generated from the reaction of bis-dichlorocyclopropane products through an adsorption
chloroform and alkali compound. Then, dichlorocarbene column (75cm glass tube filled with 70—230 mesh silica gel
further reacts with olefin to generate dichlorocyclopropane. powder, eluentn-hexane). The mono-dichlorocyclopropane
The kinetics of synthesizing dichlorocyclopropane from and bis-dichlorocyclopropane products were collected
the reaction of olefin and chloroform in an alkaline so- from the sample cell and concentrated by vacuum evap-
lution/chloroform two-phase medium were studied in oration. Products of mono-dichlorocyclopropane and
detail. bis-dichlorocyclopropane of 98% purity were obtained.
The products and the reactant were identified by GC-mass
for molecular weight, FTIR and NMR'H NMR and 13C
NMR) for functional groups and elements for components.
The contents of the components obtained from experiments
are consistent with the theoretical values.

2. Experimental
2.1. Materials

All reagents, including 4-vinyl-1-cyclohexene, chloro- 2.2.3. Kinetics of dichlorocyclopropanation in
form, sodium hydroxide o,o-dichlorop-xylene, triethy- two-phase solution
lamine, ethanol and nonane and other reagents for synthesis The reactor was a 150 ml three-necked Pyrex flask, used
were guaranteed grade (GR) chemicals. for agitating the solution, inserting the thermometer, tak-
ing samples, and feeding the feed. A known quantity of
NaOH (15ml, 50%, w/w) was prepared. Known quanti-
ties of 4-vinyl-2-cyclohexene (reactant), 1,4-bis(triethyl-
2.2.1. Preparation of two-site active catalyst (DC-X) methylammonium)benzene dichloride (catalyst), nonane

Measured quantity oft,a’-dichlorop-xylene (0.01 mol) (internal standard, 1g) were then dissolved in chloro-
was introduced into a 150ml flask. Triethylamine in ex- form (30ml) to form the organic solution. To start the
cess amount dissolving in ethanol (30 ml) was then intro- reaction, the aqueous and organic solutions were mixed
duced in the flask for reaction wit,a’-dichloro-xylene in a 150ml flask immersed in an isothermal water bath.
under agitation speed 800rpm at €D for 24h. Or- The organic-phase sample (0.05ml) was withdrawn from
ganic solvent (ethanol) and triethylamine were stripped the reactor at each time interval, and put into test tubes
in a vacuum evaporator. White precipitates of 1,4- containing 3 ml of dichloromethane. The content of prod-
bis(triethylmethylammonium)benzene dichloride (DC-X) uct and reactant were measured by gas chromatography.
were obtained. A white solid crystal of the product is The analysis conditions were: Shimadzu GC17A, J&W
obtained by recrystallizing the precipitate in an ethanol Scientific Inc., capillary column (db-1 column), 100%
solvent.

2.2. Procedures

GoHs

CoHs

| l )
Cl HQC“@—CHZCI + 2(CHg)sN——— I CoHg—*N—H,C CH2—+|N—CQH5C1
|

CoHs

Similarly, 1,4-bis(triethylmethylammonium)benzene di-
bromide (DB-X) was obtained from the reaction of
a,a’-dibromo+jp-xylene and triethylamine.

CoHs

poly(dimethylsiloxane) stationary phase, 150.525 mm
column dimensions, carrier gas: nitrogen (60 ml/min), FID
detector, 250C injection temperature.
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3. Reaction mechanism and kinetic model Therefore, the series reaction of 4-vinyl-1-cyclohexene and
dichlorocarbene is irreversible and is expressed as,

Trichloromethyl anion (CGI™), which can convert to kappt kapp2

dichlorocarbene (:C@), is generated from chloroform CgHiz — CgH12Clz — CioH12Cl4 (5)

in the presence of alkaline solution. However, the or-

ganic olefin does not react with dichlorocarbene to form AS shown inEq. (5) the change rates of these three com-

dichlorocyclopropane product because of easy hydrolysis POnents are:

of dichlorocarbene. Therefore, the addition of phase trans- d[CgH12]o

fer catalyst (e.g., quaternary ammonium salt, QX) to the = g,  — —kapp1[CsH12lo (6)

aqueous solution to generate dichlorocarbene in the organic

solution is essential. An intermediate {QCl3~) is formed diCoH12Clalo _ kapp1[CgH12]o — kapp2[CoH12Cl2lo  (7)
from the reaction of trichloromethyl anion and quaternary dr

ammonium salt at the interface of two phases. This inter- d[C1oH12Cla]o

mediate then transfers to the organic phase preparing for g kapp2[CoH12Clo]o (8)

reaction with olefins to produce the product. The reaction

. . Eq. is i
mechanism is thus proposed as a. (B)is integrated as

[CgH12]o = [CgH12]o,i €XP(—kapp1?) )

where [GH12]o,; is the initial concentration of 4-vinyl-1-
cyclohexene. Define the conversion of 4-vinyl-1-cyclo-
2CCk™Na,, + Ph(CHNTEtCI7)2(interface hexeneX as,

= Ph{CH2N"Et3CCl3™)2(0rg) + 2NaClag [CgH12]0

2CHChorg + 2NaOHaq = 2CCk™N&} e tace +2H20(q

X=1—- —"“"- 10
[CsH12]o,i (10)

Ph{CH2N+Et3CCI3‘)2(0rg) Thus,Eq. (9)can be expressed as,
= 21 CChorg + Ph{CH2NTEt3CI ) 2(0rg) —In(1 — X) = kapp1t (11)

The value ofkspp1 can be obtained by plotting the ex-
perimental data of—In(1 — X) versus time. Substitut-
ing Eq. (9) into Eq. (7) we obtain the concentration of

k
CsH12(0rg+ : CClaorg) — CoH12Cl2(org)

k
CoH12Cl2(org+ : CClaorg — C1oH12Clacorg) mono-dichlorocyclopropane, i.e.,

wherek; represents the intrinsic rate constant for the reac- [CoH15Cla]o = [CeH12]o. kapp1

tion of dichlorocarbene (:C¢) and 4-vinyl-1-cyclohexene " kapp2 — kapp1

(CgH12) to produce mono-dichlorocyclopropanegdi>Clo) x {eXp(—kapp1t) — €XP(—Kkapp2t)} (12)

in the organic solution; andy the intrinsic rate con- ) )
stant for the reaction of mono-dichlorocyclopropane The value ofkapp2 can be estimated from the experimental

(CoH12Cly) and dichlorocarbene (:C@l to produce  dataof mono-dichlorocyclopropane and from the knowledge
bis-dichlorocyclopropane (@H12Ca) in the organic solu- of kapp1-value given inEq. (11)via parameter estimation.
tion. For this, the change rate of 4-vinyl-1-cyclohexene due

to reaction is expressed as

d[CgH12
- dlCeizdo _y eomyalel: CClzlo ® - |
dt The purpose of this work is to study the reaction of 4-
Dichlorocarbene was not detectable during the experimentalVinyl-1-cyclohexene in an alkaline solution/chloroform two-
steps. However, the concentration of dichlorocarbene wasPhase medium to synthesize mono-dichloro-cyclopropane
kept at a constant throughout the reaction. Tifies,(1)can (7,7-dichloro-3-vinyl-bicyclo[4.1.0]heptane) and bis-dichl-

4. Results and discussion

be rewritten as orocyclopropane  (7,7-dichloro-3-(2,2-dichloro-cyclopro-
d[CsH13lo pyl)-bicyclo[4.1.0]heptane). Dichlorocarbene, which is pro-
0 - kapp1[CgH12]o (2) duced from chloroform in the presence of alkali compound,
g reacts 4-vinyl-1-cyclohexene to produce these two addi-
where tional products. The experimental results show a material

X — ka[: CCly] 3) balance between reactant and products, i.e., the consump-
appl = f1l- ~i2lo tion of the amount of reactant (4-vinyl-1-cyclohexene)
Similarly, we obtain equals to the sum of the generation of the amount of mono-

dichlorocyclopropane and bis-dichlorocyclopropane prod-
kapp2 = k2[: CCl2]o (4) ucts. No byproducts were observed during or after reaction.
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Fig. 1. A plot of —In(1 — X) of 4-vinyl-1-cyclohexene vs. time with different catalysts; 10 mmol of 4-vinyl-1-cyclohexene, 30 ml of chloroform, 15ml
of 50% NaOHag, 0.1 mmol of catalyst, 20C, 800 rpm.

Furthermore, the mono-dichlorocyclopropane product first or DB-X is much better than that of BTEAC or TBAB as
appeared, then followed by the bis-dichlorocyclopropane catalyst in dichlorocyclopropanation. Two phenomena were
product. In the absence of phase transfer catalyst, neitherobserved from the experiments, i.e., the phase transfer cata-
mono-dichlorocyclopropane nor bis-dichlorocyclopropane lyst of multisite activities possesses a higher reactivity than
was produced from the reaction of chloroform and sodium that of single-site activity; and the reactivity of BTEAC
hydroxide solution for 2 h. The main reason is that dichloro- is greater than that of TBAB in dichlorocyclopropanation.
carbene, which is produced from the reaction of chloroform This evidence is quite different from the extraction mech-
and sodium hydroxide, can be easily to be hydrolyzed in anism proposed by Starkd]. Therefore, an interfacial
aqueous solution. Under this situation, no dichlorocarbene reaction mechanism is proposed to explain the synthesis of
can react with 4-vinyl-1-cyclohexene to produce the desired dichlorocyclopropane in this work. In applyinggs. (11)
products. However, the reaction is dramatically enhancedand (12) the apparent rate constankgpp1 andkapp2 for

by adding a small amount of catalyst. This result confirms using these catalysts (DC-X) and (DB-X), and quaternary

that two organic-phase reactions are in series. ammonium salts (BTEAC, BTEAB, TBAC and TBAB) are
given in Table 1 The value ofkapp1 is larger than that
4.1. Effect of catalysts of Kapp2. Thus, two dichlorocyclopropanes were produced

from the reaction solution during or after reaction.

In this work, the newly synthesized 1,4-bis(triethylmethy-
lammonium)benzene dichloride DC-X and 1,4-bis(triethyl- 4.2. Effect of agitation speed
methylammonium)benzene dibromide DB-X was employed
as the phase transfer catalyst and its reactivity was compared The necessary condition for a reaction to occur is the
with those of the conventional quaternary ammonium salts, effective collision of reactant molecules, even in the phase
such as BTEAC, BTEAB, TBAC and TBAB. The results transfer catalysis system. In the two-phase reaction system,
are given inFig. 1 The reaction follows a pseudo-first-order the effect of agitation speed on the extraction mechanism
rate law. It is obvious that the catalytic activity of DC-X (Starks) and interfacial reaction mechanism (Makosza) are

Table 1
Effect of the new catalyst (DC-X and DB-X), and quaternary ammonium salts (BTEAC, BTEAB, TBAC and TBAB) on the apparent rate constants,
Kapp1 @andkapp2; 10 mmol of 4-vinyl-1-cyclohexene, 30 ml of chloroform, 15 ml of 50% NaOH, 0.1 mmol of catalystC2800 rpm

Catalysts
DC-X DC-B BTEAC BTEAB TBAC TBAB
Kapp1 %1072 (min~1) 4.92 4.80 3.13 3.09 2.75 2.54

Kapp2z x1072 (min~1) 0.717 0.641 0.486 0.426 0.400 0.368
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Table 2 where the apparent rate constakyg,1 andkapp2 are plot-
Effect of the agitation speed on the apparent rate constksgys; and ted versus 17, the activated energies obtained dg; =

i1 | of 4-vinyl-1-cycloh | of chlorof 15ml of :
E?;’;j 'Na%ﬂmg 10mm;:ngf Dg;c;af;fgf';gm of chloroform, 15ml o 8.78 kcal/mol andE, » = 6.18 kcal/mol, respectively.

Agitation speed (rpm) 4.4. Effect of alkaline concentration
200 400 600 800 1000

koms 102 (min1) 0113 0793  2.92 192 742 The dichlorocyclopropanation is highly dependent on
oz x10°2 (minY)  — 0131 0387 0717 1128 the alkali compound. Dichlorocarbene (:GEwhich can
be generated from chloroform in the presence of alka-

ite diff F . hani . line solution, reacts with organic-phase reactant (e.g.,
quite different. For an extraction mechanism reaction sys- 4-vinyl-1-cyclohexene) to produce the desired products.

tem, t_he reaction ?tegs no Iggger |ncr|_e|ases W'thrt]he INCIeASerparefore, the rate of dichlorocyclopropanation is highly in-

In agitation speed above fom. HOwever, .t © reaction ,enceqd by the concentration of alkali in aqueous solution.
rate further increases with the increase in agitation speedSOdium hydroxide, potassium hydroxide and sodium bicar-
even when it is greater than 1000 rpm. The main reason isbonate are the common alkali compounds. However, NaOH

that the two-phase interfacial mass transfer area, which cang frequently used as the reagent because of its low cost, high

influence the reaction rate, also increases with the inCreaseye ctiveness and separation factor. The results of conver-
in agitation speed. The effect of agitation speed on the

) . o ' sion of 4-vinyl-1-cyclohexene via dichlorocyclopropanation
conversion of 4-vinyl-1-cyclohexene is given fiig. 2 and using NaOH as the alkaline compound are giveffFig. 5.
Table 2 Here again, the reaction fpllov_vs a pseudo-_ﬁrst-ord_er It is obvious that the conversion is highly dependent on the
rate law. Moreover, the conversion increases with the in- o, centration of alkali in the aqueous solution. The conver-

crease in the agitation s-peed up to ,1000 rpm, which agree’ssion increases with the increase in concentration of alkaline.
with the interfacial reaction mechanism rather than Starks’ 11,5 (eaction also follows a pseudo-first-order rate law,

extraction mechanism. In the absence of phase transfer catalyst, the generated
dichlorocarbene can be easily hydroly4éd,18] i.e.,

4.3. Effect of temperature

The present work is to investigate the reaction of CHCl + OH™ = Hz0 + CCls
4-vinyl-1-cyclohexene and chloroform catalyzed by a new CClz3~ — CCl, + CI—
catalyst DC-X in the presence of alkaline solution under
various reaction temperatures from 20 to°85 The results OH OH'
are given inFig. 3 As expected, the reaction rate increases H,O + CC|2—>H20+—CC12’T> HOCCI TCO
with the increase in the temperature. Moreover, the reaction
follows a pseudo-first-order rate law. As shownFHig. 4, HCI HCI

4
Agitation speed (rpm)
B 200
4] @ 400
600
v 800
— 1000
0
S
£
14
0+ B e S ——  E——
0 10 20 30 40 50 60 70 80

Time (min)

Fig. 2. A plot of —In(1 — X) of 4-vinyl-1-cyclohexene vs. time with various agitation speeds; 10 mmol of 4-vinyl-1-cyclohexene, 30 ml of chloroform,
15ml of 50% NaOkhg, 0.1 mmol of DC-X, 20°C.
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Fig. 3. A plot of —In(1— X) of 4-vinyl-1-cyclohexene vs. time with various reaction temperatures; 10 mmol of 4-vinyl-1-cyclohexene, 30 ml of chloroform,
15ml of 50% NaOkhg, 0.1 mmol of DC-X, 800 rpm.

It is thus obvious that hydroxide ions (OBlin the aqueous  using BTEAC to initiate the dichlorocyclopropanation of
phase also affect the degree of hydrolyzing £ @&xperi- styrene.

mental results indicate that the reaction rate is slow at low The main reason is that the hydration of Okb mini-
alkaline concentration. However, the reaction is dramatically mized and the activity of OH is increased by increasing
enhanced when the concentration of alkaline is increased.the concentration of alkaline. For such, the hydrolysis of
The results are depicted Fig. 6. However, the result ob-  dichlorocarbene is also minimized. Therefore, the reaction
tained for using 100—250 mmol of NaOH is similar to that of dichlorocyclopropanation at higher alkaline concentration
of Solaro et al[19] in the ethylation of phenylacetonitrile ~ of NaOH is much larger than that at low alkaline concen-
catalyzed by TBAB catalyst, and Balakrishan et[a0] in tration of NaOH.

6
| kapp,1
5 kapp,2
g
x4
£
! -
3
2 : , : , : , . , . ,
3.20 3.25 3.30 3.35 3.40 3.45

1000/T (1/K)

Fig. 4. A plot of apparent rate constants vs. various reaction temperatures; 10 mmol of 4-vinyl-1-cyclohexene, 30 ml of chloroform, 15ml of 50%
NaOHag, 0.1 mmol of DC-X, 800 rpm.
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Fig. 5. A plot of —In(1— X) of 4-vinyl-1-cyclohexene vs. time with various amounts of NaOH; 10 mmol of 4-vinyl-1-cyclohexene, 30 ml of chloroform,

12ml of H,O, 20°C, 800 rpm.

4.5. Effect of amount of catalyst DC-X

In this work, the effect of the amount of DC-X catalyst
on the conversion of 4-vinyl-1-cyclohexene is investigated.
The results for using 0-3mol% of DC-X catalyst (rela-
tive to reactant) are shown iRig. 7. In the absence of
DC-X catalyst, no reaction of dichlorocyclopropanation is

increase in the amount of DC-X catalyst up to 1.51 mol%.
The reason is that the opportunity of collision between
NatCClyinterface~ and Ph-(CHNTECI™)2interface IS
increased by increasing DC-X catalyst concentration.
Therefore, the opportunity of forming a complex between
Ph-(CHINTE®BCI™)20rg and dichlorocarbene is largely
increased, i.e., the concentration of dichlorocarbene in the

observed. However, the reaction is greatly enhanced byorganic phase is enhanced. Hence, the apparent rate con-

adding a small quantity of DC-X catalyst. As seen in the

stant is increased with the increase in the amount of DC-X

experimental results, the reaction rate is increased with thecatalyst.

N
|

Apparent rate constant x 10 2 (min'l)
N
|

o
o

T
50

T
100

T T | T T
150 200 250
Amount of NaOH (mmol)

T
300

T
350

400

Fig. 6. A plot of apparent rate constants vs. various amounts of NaOH; 10 mmol of 4-vinyl-1-cyclohexene, 30 ml of chloroform, 12@| a0+,

800 rpm.
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4
Amount of DC-X (mmol)
m 00128 e 0.0250
37 A 00505 v 0.1000

0.1510 + 0.2021
0.2494 0.3005

- In (1-X)

Time (min)

Fig. 7. A plot of —In(1 — X) of 4-vinyl-1-cyclohexene vs. time with various amounts of DC-X catalyst; 10 mmol of 4-vinyl-1-cyclohexene, 30 ml of
chloroform, 15ml of 50% NaOHg, 20°C, 800 rpm.

However, as shown ifrigs. 7 and 8the reaction rate is  4.6. Effect of amount of 4-vinyl-1-cyclohexene (reactant)
then decreased for further increasing the amount of DC-X
catalyst from 1.51 to 3mol%. It is probably because the The effect of the amount of 4-vinyl-1-cyclohexene on
reaction is more influenced by the interfacial concentration the conversion of 4-vinyl-1-cyclohexene is showrFig. 9.
of DC-X at the interface rather than in the bulk organic-phase It is shown that the reaction rate is highly dependent on
solution. The formation of Ph-(CHN T Et3CClz ™) 2(org) from the amount of 4-vinyl-1-cyclohexene in which the mass
DC-X and dichlorocarbene at the interface such that the transfer and the reaction rate is decreased with the in-
concentration of dichlorocarbene in the bulk organic-phase crease in the amount of 4-vinyl-1-cyclohexene. This result
solution is decreased. Thus, the apparent rate constants aris similar to the dichlorocyclopropanation of 1,7-octadiene
reduced for further increasing the amount of DC-X catalyst. catalyzed by benzyltriethylammonium (BTEAC) catalyst

6
T‘A n u kapp,l
= L]
S kappz
Nv u
O 4
—
x
—
c
g
|7}
c
o
o
f—-
—
c
g
S
o °
<
0 T T T T T T T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30

Amount of DC-X (mmol)

Fig. 8. A plot of apparent rate constant vs. various amounts of DC-X catalyst; 10 mmol of 4-vinyl-1-cyclohexene, 30 ml of chloroform, 15ml of 50%
NaOHz4g, 20°C, 800 rpm.
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Fig. 9. A plot of —In(1 — X) of 4-vinyl-1-cyclohexene vs. time with various amounts of 4-vinyl-1-cyclohexene; 30 ml of chloroform, 15ml of 50%
NaOHgag, 0.1 mmol of DC-X, 20°C, 800rpm.

and the dichlorocyclopropanation of 1-octene catalyzed 4.7. Effect of volume of organic solvents

by 3-(N,N-trialkylammonio)propansulfonate. The reason

is that the amount of active-site catalysts is kept constant In this study, chloroform is used as the organic solvent

value when using a fixed amount of catalysts. Because theand the source of generating dichlorocarbene. Chloroform

amount of organic-phase reactant is increased, the molaris converted to dichlorocarbene in the presence of alkali

ratio of the active-site catalyst over the reactant is thus compound and reacts with 4-vinyl-1-cyclohexene of limited
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Fig. 10. A plot of —In(1 — X) of 4-vinyl-1-cyclohexene vs. time with various amounts of chloroform; 10 mmol 4-vinyl-1-cyclohexene, 15ml of 50%
NaOHag, 0.1 mmol of DC-X, 20°C, 800 rpm.
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